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ABSTRACT

The viscous criterion (V*C) has been proposed by
hiomechanics researchers as a generic biomechanical
index for potential soft tissue injury. It is defined by the
product of the velocity of deformation and the instanta-
neous compression of torso and abdomen. This criterion
rcquires calculation and differentiation of measured
orso/abdomen compression data.

Various computational algorithms for calculating
Jscous criterion are reviewed and evaluated in this
paper These include methods developed by Wayne State
Loneran « WSUY, NHTSA (DOT) and Ford. An evalu-
thon has been conducted considering the accuracy of
these algorithms with both theoretical and experimental
data from dummy rib compressions obtained during a
crosh test. Based on these results, it is found that:

e V*C results depend on the scheme used in the
computation process, the sampling rate and
filtering of original raw dala.

e The NHTSA method vields the lowest V*C value.

e The WSU method gives about the same, but fluctu-
ating, V*C value as the Ford method.

e Thc Ford method provides an accurate and smooth
V*C result.

It is rccommended that the computation method/
process should be standardized.

BACKGROUND

The tnal rule on dvnamic side impact test proce-
Jure in FMVSS 214 was published by NHTSA on Octo-
rer 3001990 which specitied that the Side Impact Dum-
my (SID) responses be used as the basis for determining

"Numbhers in brackets | | denote references at the end of
this paper

pass/fail criteria. The SID injury criteria are accelera-
tion-based TTI (Thoracic Trauma Index) and pelvic g's.
On December 27, 1991, NHTSA issued an ANPRM
(Advanced Notice of Proposed RuleMaking), requesting
comments on the desirability and need for specifving
alternative dummies to SID. Two dummies being consid-
ered by NHTSA as alternative test devices are BioSID
and EuroSID-1.

INTRODUCTION

The first EuroSID and BioSID were completed in
1988 and 1989, respectively. BioSID was developed by
SAE in cooperation with General Motors (GM), while
EuroSID-1 was developed by a group of research organi-
zations under the auspices of the European Experimental
Vehicle Committee (EEVC). Both the BioSID and
EuroSID-1 are more advanced and biofidelic than the
SID [1)°. These two dummies have more instrumenta-
tion/measurement capabilities for addressing other injury
criteria that are based on force, compression, and veloci-
ty. Table I compares the parameters and limits for vari-
ous injury criteria between SID and BioSID. It should
be pointed out that the acceleration-, force-, and com-
pression-based injury criteria can be assessed from direct
measurements. The assessment of viscous-based injury
criterion, however, requires further calculations based on
measured abdomen/chest compression data. Develop-
ment of stable differentiation algorithms are needed in
the process. This paper evaluates the various computa-
tional algorithms on viscous criterion.

WHAT IS VISCOUS CRITERION (V*C) ?

V*C or VC represents viscous criterion which is
defined by the rate sensitive tOrSO COMPression as a
generic biomechanical index for potential soft tissue
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injury |2] resulting from & frontal or side impact to the
chest or abdomen. Let

D(1) = the instantaneous chest (rib) or abdomen
deformation along the direction
of the applied impact L0 the tOrso

and.

V(1) = d[D(1))/dL the velocity of deformation.

The time function of VC is formed by the product of the
velocity of deformation, V(t), and the instantaneous
compression, C(1). Mathematically,

where C(1) = D(1)/D,. with Dy, being the initial torso
thickness and half the torso width for frontal and side
impacts. respectively. [t is noted that C(1t) 1s a dimen-
sionless quantity. VC. therefore, has the same dimension
as V(1) expressed in terms of cither m/s or mph.

The procedure for computing VC is schematically
shown in Figure 1. The maximum risk oOf soft tissue
njury associated with a specific impact-induced viscous
response VC occurs at the peak viscous response
[VC]mae The viscous tolerance of [VC],, = | m/s is
heing proposed by biomechanics researchers as the thres-
nold of soft ussue injury [2].

D{t) (mm)

D(t)

V(1) (mfs)

Figure 1: Procedure for computing VC

REVIEW OF VARIOUS COMPUTATIONAL
SCHEMES

The procedure for computing VC as shown in
Figure 1 appears to be straightforward and simple. How-
ever, several approaches can be taken in processing and
differentiating the deformation data. Due to slight varia-
tions in these approaches, the results of one procedure
may be considerably different than the results of another,
even though the same deformation data are used as
inputs 1o the process. The following organizations have
developed individualized methods for computing VC.

e GM
e NHTSA (DOT)
e Wayne State University (WSU)

e Ford (Alpha)

A review of the various computational schemes follows:

e GM method:

The procedure (2] for the GM method is illustrat-
ed in Figure 2. The "chest deflection” data are digitized
first at a rate of 10,000 points per second to yield the
chest deformation data, D(t). A central difference
scheme is used to differentiate the chest deformation
data. The result from differentiation is further filtered
using SAEG60 class filter o give the velocity of deforma-
tion. Dividing the chest deformation by D, and multiply-
ing the velocity of deformation yield the viscous response
time function VC.

| /

Denvauve Filvered Velociy of
Dwaa Deformancn

Figure 2: Scheme for GM method



¢ N"HTSA method:

The approach taken by NHTSA is shown in Fig. 3.

Chm il
Callecuon

Figure 3: NHTSA Method

[n this method, the "chest deflection” data are
filtcred with a Butterworth filter to give the chest defor-
mation, D(t). The chest deformation is then differentiat-
cd by 1aking the derivative of the 4-th-degree interpolat-
ing polynomial with the following numerical scheme [3]:

The 4-th-degree interpolating polynomial is
expressed as:

_ Af(ty)
Py(t) = f(1y) + (1 - 1)) e +
At

a*f(ty)

= (Ut N = ta)(2 - 1)

(Ar)*a! i

S7

then, the derivative of P,(t) with respect 1o t is given by

dPy(1) aft(tg)
et B o 4 (P .

dt At

a%(ty)
) ) )

2 (A
-
+ (3% 2ty + 1 +

A7t(y)
- (I”tl + Ity + r[tz}]

30 (an?

EGE Siz(ln U+l + )
+ 2t + Gty + Ity + Lty + Gty + L)

Ay,
* (Btita + totity + tolaty + ttoty)] e
4 (an?

(2)

The derivative data are again filtered to provide the
velocity of deformation.

The VC time function is then obtained by dividing
the chest deformation by D, while multiplying the veloci-
ty of deformation.

e WSU Method:

A schematic of the WSU method is shown in
Figure 4. This method allows the chest deflection data
1o be smoothed prior to filtration. The smoothed and
unsmoothed data are filtered using an SAE130 class filter
to give the chest deformation, D(1). The chest deforma-



(ion data are then fitted by the Lagrange’s interpolating
polvnomial [4] as [ollow:

(3)

Differentiating Eq. (3) with respect to t yields the veloci-
tv of deformation:

dpa(t) (-1 -ta)

dt (tg - 1 )ta - 12)

Figure 4: WSU Method

e Ford Method:

This method was developed by the Body Engineer-
ing Department. Alpha Simultaneous Engineering of
Ford Motor Company. The procedure for calculating VC
i demonstrated in Figure 3.
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ii’

Figure 5: Ford Method

The chest deflection can be digitized and interpolated at
any desired sampling rate to obtain the chest deformation
data, D(t). A least square parabolic curve fit technique
with a smoothing algorithm is then applied to the data.
The detailed description of this technique is documented
in Reference [S]. Briefly, a parabola of the form

X(t) = At* + Bt + C (5)

is used to fit the chest deformation data within a sliding
window in time domain. * Constants A, B, and C are
determined in a least-squared sense by setting the time at
the mid-point of a sliding window of size 2n (0 zero.
This leads to determination of constants A, B, and C as
follows:

n
n+1) I X2 - K, I X

I=-n

1=-n
A= ‘)
(2n+]’KJ L K:I ()
n
Z Xy
i=-n
B = (7)
Kz
n n
K,‘ z Xi - Kz 2 Xitiz
i=-n i=-n
Gl (8)

(2n+ DK, - K,?

n
5
where K, = by - and K, =
1=-n 1

L o



The velocity of deformat’on can be obtained by
differentiating Eq. (5) with respect o t and by substitut-
g t = 0. This leads to:

(%)

K'\

Also. note that X(0) = C is the value of the fitted parab-
ola, which is used for the chest deformation data.

Buscd on the above discussions, procedures for
computing VC in the order of increasing complexity are:

e Ford method
e WSLU and GM methods

e NHTSA mcthod.

Next, the accuracy in the velocenty ol deformation needs to
he evaluated and assessed. Since the computer program
for the GN method is not availuble to Ford, the GM
mcthod will be excluded from the evaluation.

DETERMINATION OF ACCURACY IN THE
VELOCITY of DEFORMATION

A procedure for determining the accuracy in the
veloenty of deformation is shown in Figure 6. The veloci-
v ob deformation from each method is integrated to
obrain the “integrated” chest deformation data, which are
then compared with the original chest deformation data.

ORIGINAL DIFFERENTIATION VELOCITY OF
. g
INTBGRATION
Oty
Sow INTEGRATED
MATION

Figure 6: A procedure for determining the accuracy in
the velocity of deformation
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The accuracy of the velocity of deformation is determined
by the degree of correlation between the original chest
deformation and that obtained from integration. Any
significant discrepancy between the "integrated” vs. the
original chest deformation data is indicative of "loss of
information” or inaccuracy introduced by the algorithm
being tested. The "loss of information™ may be due to
over-filtering of data or inaccuracy in the numerical
solution of the algorithm. An assessment of the accuracy
in the velocity of the deformation is made by the follow-
ing two approaches:

e Using Analvticallv Generated Hvpothetical Data:

A set of analytical data is generated from a peri-
odic multi-sine function:

m

X)) = 2 A; cos(wl + ¢))
i=1

(10)

where m is the number of harmonics, w, are the angular
frequencies, and ¢, are the phase angles. A displacement-
time history obtained from Eq.(10) using 31 harmonics is
shown in Figure 7 and will be treated as an analvtically
generated chest deformation.

\Y

CHEST DEFORMATION (IN)

Figure 7: A multi-sine function for chest deflection
(an analytically generated data)



Differentiation of X (1) vields the ve'ocity of
deformation given by the expression:
m
V() = - 2. A w; sin(w;t + @)

(1D

The time history of V(1) is shown in Figure 8.
VC ume function is then formed according to the scheme
previously described.

VELOCITY (mi/8)
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Fioure 8: The nme history of velocity of deformation
(an analytically generated data)

e L <ine Experimental Data from BioSID's Rib:

A side impact test was conducted at 33.5 mph with
a 27-degree crabbed Moving Deformable Barrier (MDB).
BinSIDs with arms down were seated in the driver and
the left rear positions. Both the front and rear seated
BioSIDs" upper rib data from this test, shown in Figures
9 and 10, were used in the evaluation of various VC algo-
rithms.

H i \\ /’/
§ TS /
g AN //
§ ! \\
. W/

" " " L1 “ “ L ] L] - n ™ -
TIME (MBEC)

Figure 9: Driver BioSID’s upper rib deflection
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Figure 10: Rear seated BioSID’s upper rib deflection

DISCUSSION OF RESULTS FROM EVALUATION
OF ALGORITHMS

Time functions of viscous criterion for the analyti-
cal data and the upper rib data from both the front and
rear seated dummies are computed by the WSU,
NHTSA, and Ford methods. Results are presented in
Figures 11 through 13.

Examination of Figures 11 through 13 reveals that
VC results are computational scheme dependent. The
NHTSA method vields the lowest VC value among the
three methods. This is probably due to over filtration in
the computation process. The WSU method yields better
accuracy in the hypothetical velocity of deformation time
history than with those obtained from experimental data.
When hypothetical data are analyzed, the WSU method
provides the same results as with the Ford method.
However, the WSU method generates fluctuations in the
velocity of deformation time history, thus yielding the
highest VC value of the three methods. Fluctuations in
the derivative data are inherent with many differentiation
techniques, unless proper smoothing of the data is ap-
plied prior to differentiation. As evident from the above
figures, Ford method generates smooth VC results in all
cases. Comparisons of velocities of deformation for the
front and rear BioSID upper ribs obtained from the
WSU. NHTSA and Ford methods are shown in Figures
14 and 15.
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Figure 11: Results of VC from WSU, NHTSA and Ford
methods
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Figure 12: Comparisons of VC results among WSU,
NHTSA. and Ford methods - Front seated
dummy upper rib
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Figure 13: Comparisons of VC results among WSU.,
NHTSA. and Ford mcthod - Rear scated
dummy upper rib
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Figure 14: Comparisons of velocities of deformation
among WSU, NHTSA, and Ford methods -
Front seated dummy upper rib
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Figure 15: Comparisons of velocities of deformation
among WSU, NHTSA and Ford methods -
Rear seated dummy upper rib

Next, comparisons of the "integrated” and original
chest deformation data are shown in Figures 16 through
18. In both the WSU and Ford methods, the "integrated”
chest deformation reverted back to the original chest
deformation data, indicating no significant "loss of infor-
mation” in the process. The NHTSA method, on the
other hand, yields significant discrepancies between the
“integrated” chest data and the original chest data, thus
suggesting inaccuracy in its VC algorithm.
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Ficure 17: Integrated vs. original chest deformation data -
Front seated dummy upper rib
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Figure IX: Integrated vx. original chest deformauon data -
Rear scated dummy upper rib
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Based on the results and discussions presented
above, the following observations are made:

e VC results depend on the scheme used in the compu-
tational process, which normally involves filtration and
differentiation.

® VC results are also influenced by the "smoothness” of
the input data. A "noisy" or highly oscillatory input data
would induce great fluctuations in the derived velocity of
deformation output. Different smoothing techniques are
employed among the schemes studied.

e NHTSA uses a 4-th degree interpolating polynomial,
WSU uses Lagrange's polynomial of degree 2, while Ford
uses least squared parabolic curve fit.

e The NHTSA method yields the lowest VC value. [is
velocity of deformation, upon integration, does not vield
accurate chest deformation comparable to the original
chest deformation data.

e The WSU method yields about the same VC value as
the Ford method, in spite of the presence of some slight
fluctuations in its VC time function. These fluctuations
could probably be induced by differentiation However,
integration of the fluctuating velocity of deformation data
yields results in close agreement with its original chest
deformation data.

e The Ford method provides an accurate and smooth VC
result. For consistency in computation of viscous criteri-
on time function and ease of comparisor of VC results
among various test facilities, a VC time history should be
as smooth as possible with little or no loss of accuracy.
The Ford method fulfills these requirements. Because of
its simplicity and accuracy, the Ford method is. therefore,
recommended for use as in-house V*C computational
algorithm.

PARAMETRIC STUDY

[t should be mentioned that in the above comparisons,
SAE class 180 filtered compression data are used as
inputs to various algorithms. This parametric study is
carried out to investigate the effects of input data sam-
pling rates and filter classes on the results of V*C using
the Ford method. Nine (9) Hybrid III dummy chest
deflection data obtained from Hyge sled tests are used in
this study. These data are filtered using various SAE
filter classes of 35, 60, 180, 600, 1000 and 4000. The
class 4000 results correspond to original raw data. Four
data sets exhibiting different chest compression responses
at various filter frequencies are shown in the four (4)
graphs of Figure 19. These filtercd data clearly illustrate
the effect of filtration in that a proper filtration is able 10
eliminate/reduce the "noises”, while over-filtration may

-
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recult in the "loss”™ of relevant information or in data
‘ime- shift”. It is seen that the data filtered at SAE 600,
1nd 000 class filters are close 10 each other. A
_lass filter lower than the SAE 600 will shift the original
Tt ond alter its results. The data filtered with SAE
lass 600, tor example, resulted in approximately 2.5 milli-
.cconds time shift with respect to the original raw dala.

In addition 1o SAE filter class, wwo different sampling
rates. namely. at 4.0 KHz and 12.5 kHz, are also used.
With two sampling rates and six different filter classes, a
iotal ot 12 computations for cach chest deflection are
abtained. The V*C results for the nine (9) test cases are
tubulated in Table 2 and in Figure 20, where the empty
and solid symbols represent results from the 12.5 KHz
and 40 KHz sampling rate. respectively. Time functions
ol viscous criterion for Run Nos. 1. 2, 7. and 8 are shown

n Figure 21
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Fizure 200 Comparison of V*C values obtained from

401 kHz and 12.3 kHz sampling rates as a
function of filter class

[n examining the results shown in Table 2 and Figures 20
and 21, the following observations are made:

e For a given sampling rate, compression data from SAE
filter class 600 and above result in similar V*C values.
However, the V*C value decreases as the SAE filter class
is reduced to class 180 and below . [t is noted that the
V*C value based on SAE 600 filtered data can be as
much as two times higher than that of SAE 60 filtered

data.

e In general, larger V*C values are obtained from the
higher (12.5 kHz) sampling rate on compression data
filered with a given SAE filter class.

This is particularly noticeable when the compression data
is filtered with a higher SAE class filter (above class
180).

e The disparity between the V*C values derived [rom
two different sampling rate data sets decreases with low-
cring of SAE filter class.

e When the rate of chest compression is more gradual,
as evident by the more gentle slope (or instantaneous
velocity) of Run No. 1 in Figure 19, the V*C values as
tabulated in Table 2 remain almost the same regardless
of the sampling rate and the filter class.

e [f the compression data have a rapid time rise, such as
the steep slopes shown in Run Nos. 2 and 7 of Figure 19,
then the V*C values will depend largely on the sampling
rate and the filter class. In Run Nos. 2 and 7. the ume
rise and the slopes are altered by the filtration. This
change affects the velocity of deformation calculations,
thus influencing the V*C results.

® Results of Run No. 8 in Figure 21 are note worth
since its V*C values are within the 1 m/s borderline.
Referring to Table 2, V*C values are 0.95 and 1.01 for
SAE class 35 and class 60, respectively, when a 12.5 KHz
sampling rate is used. When the compression data are
sampled at a rate of 4.0 KHz, however, the V*C values
become 0.93 and 1.05 for class 60 and class 180, respec-
tively. Thus, pass/fail verdict depends largely upon the
sampling rate and filter class used on the input compres-
sion data.

CONCLUSIONS AND RECOMMENDATIONS

Based on the comparison of V*C computational
algorithms and the parametric study carried out in this
paper. it is concluded that:
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Tuble 2

“Summary of V*C Results from Parametric Study
- variations of sampling rate and SAE filter class -

No. 2
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%
———————————————————————————————
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@40.08 MS @39 04 MS @36 24 MS @38.40 MS @38.32 MS @38.24 MS
No 5
'_ z 0 285876 0ITIT3 0 408360 0297960 0397587 0399712
j: @40 25 MS @38 50 MS @36 75 MS @36.50 MS @36 25 MS @36 25 MS
;—_—-_f_——_"—__—ﬁ——___—_—-_—_———-__‘_——_——_—
Y 00371338 00433606 0.0530624 00638628 0.0631841 *0 0635412
@100.7 MS @42 40 MS @30 56 MS @30.24 MS @30.16 MS @30 08 MS
No. 6
Z 0 0367628 0.0430156 0.0405678 0.0405167 00405042 0.0407830
@100 8 MS @42.75 MS @41.25 MS @41.00 MS @®4075 MS @40.50 MS
—"“_—_————-———_‘__'_T-—'__——-_——"_"—'—"__—_—_____
Y 0151680 0242613 0398759 0430138 0421519 0433351
@30 64 MS @29.20 MS @28 48 MS @28.08 MS @28.00 MS @27.92 MS
No. 7
z 0 145880 0.203867 0215288 0.213482 0.212138 0 214965
| @30 .50 MS @29 50 MS @28.25 MS @27.75 MS @27.75 MS @27.50 MS
'______._______.__.._.__—_-——u———-i_—"_'_'—"_
_ﬁw
i Y 0.949920 100807 1.50362 1.73751 1.74155 1.73295
i 8 @71.60 MS @71.28 MS 69 28 MS @68.80 MS @68.72 MS @68.56 MS
No.
| Z 0.921541 0.932199 105721 1.06439 1.07423 1.06506
; @7125 MS @7100 MS @69.75 MS @69 50 MS @69.25 MS @69.25 MS
rI Y 0 565420 1.28323 1 58729 1.68098 1.692350 169631
s @78 24 MS @76 40 MS @7472 MS @74.00 MS @73.92 MS @73.76 MS
0.
Z 0836315 118707 129120 126547 126624 125972
} &7825 MS @76.75 MS @75.25 MS @74 75 MS @74.50 MS @74 50 MS
tiote 1 SR.Y Input Sampling Rate 12 5K HZ (e 008 MS)
2 SR-Z !nput Sampling Rate 4 00K HZ (e 025 MS)
3

CnMS
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® Results of V*C depend on (1) the sampling rate and
filter class of input data, (2) technique used in the differ-
cnuation, and (3) computation process/procedure used in
an algorithm.

® Since various algorithms/procedures yield different
V*C values, which is critical in determining the dummy
response o pass/fail the viscous criterion, it is recom-
mended that the computation scheme/process for calcula-
tion of V*C nced to be standardized among the biome-
chanics research community, automotive industry and
covernment regulatory agency.
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DISCUSSION
PAPERR: An Evaluation of Various Viscous Criterion Computational Algorithms
PRESENTER: Clifford Chou

OTHER AUTHORS: Y. S. Lin, G. G. Lim
QUESTION: Rolf Eppinger, NHTSA

If the original correlation by mechanical correlation between VC and the injury was
established off the film data which you could possibly say was a thousand frames per second,
and if you believe that it was an appropriate nyquist criteria, that information could only contain
a maximum of 500 hertz, and if it was done properly, maybe 250 hertz in the displacement,
what relevance does all this exercise you do have back to the basic fundamental bio-mechanical
data base and its correlation to injury?

ANSWER: Well, we didn’t go back to the qualities of fundamental injury criteria or what kind
of data here because we don’t have the data to start with. Most of the data we study here from
the recommendation from the dummy, these are from SID or from Hybrid III. Now the
question would be either you go back to look at the original data, go back to study those
responses, what kind of frequency response from those data, and you try to establish what kind
of a correlation. You have to determine what kind of frequency you have to use in computation
of those averages.

Q: But at this point, you have no justification to go up to four kilahertz or twelve kilahertz if
you know the basic data was obtained from film data. So, I don’t understand the relevance
between the high, even examining going up to those high frequency domains, rather than
remaining down at 500 hertz or lower.

A: Yes. I think all the information there is based on the calculations; if you go back to the
internal data and you are to modify a factor, say 1.3 something based on the number I have in
that paper, then to correlate it, the internal measurement there, I don’t have enough data to get
kind of an assessment, but that type of assessment can be done.

Q: Guy Nusholtz, Chrysler Corporation

I have several questions and I’ll go through them. Do you have an explanation of why
the NHTSA routine, when you integrate back, is so far off in displacement? That’s the first
question. The second one is there is another method of obtaining the viscous criteria which
requires the use of both accelerometers and displacement transducers. You can integrate the
acceleration and adaptably change the gain so that its double integration matches the
displacement from a displacement transducer given the error on the displacement transducer.
That effectively becomes your differentiation routine and that gets rid of a lot of the problems
with different sampling rates, high frequency and amplification of the noise by differentiation.
In the last one, were you just looking at half of the chest width?
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A: Yes. For the SID dummy, we use the half chest width. For the frontal, we use a four.
We use a numberization factor from GM, the number we use in the numberization. In terms
of the expiration data, I think we are looking into it but I don’t have any result to show you.

Q: Do you have an explanation for why the NHTSA data is so far along?

A: The NHTSA data is due to all the filtering to start with. I think if you filter the chest
i hec n will

ue
information data where (is) you filter the differentiation velocity data too. The

a%san watands VY aaz W WL

give you less shift.

Q: That shouldn’t have as much effect as you're showing on the slides. There’s gotta be
something else hidden in there.

A: Yes.
Q: OK. Thank you.

Q: Don Friedman, Liability Research

I realize that this kind of concern is sensitive to regulatory process but I just wanted to
say that in studying a variety of real world accidents, like some ten involving frontal impact in
which there were internal injuries due to chest trauma, what we find is that there is a clear result
from VC because the product peaks very quickly when you get, for instance, column binding
or any kind of lack of stroking to the full extent that’s possible and so we see VC’s that come
out to be two or three, which correspond to people dying or getting aortic separation. The point
is that in terms of sensitivity of the model as soon as you allow the stroking, the numbers drop
by a factor of three. So that, if you think of a sense of the power of the VC, it is a way of
showing what’s failing more than it is to show how close you can come to optimize the design
of the product to meet the criteria.

A: Yes. I think it is possible because it is dependent on two quantities. The velocity as well
as the compression and you find out based on some of the studies; if you go back to a paper by
J. T. Weir from GM you find out that the maximum VC curve, not necessarily the maximum
velocity or maximum compression, is somewhere in between the combination and you can plot
the velocity as a function of compression and the VC has a parabolic curve, the maximum
parabolic curve tangent to the velocity compression. That is very interesting. We can do a
different study there.

Q: Keith Friedman, Friedman Research

What was the magnitude of the difference for a given set of sampling rates and filtering
between the various algorithms for the peak value? That is, what kind of variation is that?
A: It depends on the curve. It can be twice as much or 60%; something like that.

Q: A factor of two?

A: A factor of two, yes.
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And the maximum VC?
Yes. From the 4,000 hertz data to about 180 hertz data.
For a fixed sampling rate and filter, what was that variation and the maximum negative?

I think that you can get as high as about 30%, something like that.

Q" P L &I

Joe Balser, General Motors
You talked about the algorithm used by General Motors at the beginning of your talk,
but you didn’t use their technique in your analysis.

A: No, because we don’t have a computer program available so we don’t want to generate our
own computer output for their algorithm.

Q: I see, thank you.
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